We have examined the diversity and similarity of visible dust bands and infrared dust bands based on data obtained by our ground-based observations (Ishiguro et al. 1999, ApJ 511, 432) and by the Infrared Astronomy Satellite (IRAS). It is found that the latitude profile of visible dust bands at the solar elongation, A -A® = 89°, is similar to that of infrared dust bands, except for the appearance of bands found at the ecliptic latitude, /? = ±5°, in only the visible region. Using the migration model for the spatial distribution of interplanetary dust bands, originally deduced from the infrared data (Reach et al. 1997, AAA 67.106.048), we predicted the visible band structure near to the anti-solar point in order to examine our observed evidence. Our results verify that the visible dust bands at (3 = +2° and -4° near to the anti-solar point comprise the dust particles originally supplied from the Themis and Koronis families.
Introduction
Infrared Astronomy Satellite (IRAS) has discovered asteroidal dust bands at the ecliptic latitudes (3 = ±1?4 and (3 = ±10° (hereafter Themis/Koronis bands and Eos bands, respectively) (Low et al. 1984) . It is widely accepted that both of them are associated with asteroidal families, while the origin of weaker dust bands at j3 = ±6°, ±13°, and ±17°, later identified by DIRBE (Reach et al. 1997), has not yet been clarified. Furthermore, several cometary dust trails (Sykes, Walker 1992) and a different type of dust trails of unknown origin (Type II) have also been observed (Sykes 1988) . These discoveries brought us a new concept of zodiacal dust clouds, i.e., the existence of many local structures in the zodiacal cloud complex directly associated with a source.
While it is generally believed that the asteroidal families were produced by a catastrophic disruption of a mainbelt asteroid, there still remains a controversy concerning the model about the subsequent formation of dust bands (Sykes et al. 1989 ). In any model, however, dynamical evolution due to the Poynting-Robertson effect should be taken into account, because the time scale to form the interplanetary dust torus by Jovian precession (~ 10 5 -10 6 yr) is comparable to the Poynting-Robertson lifetime (~ 10 6 yr) of the band particles. Reach et al. (1997) have constructed a three-dimensional spatial distribution model, i.e., a migrating band model to account for not only the torus structure of dust bands, but also for its dynamical evolution due to the Poynting-Robertson effect.
Recently, Ishiguro et al. (1998, hereafter Paper I) made the first detection of visible dust bands from a ground-based observation. They have found that the dust bands exist not only in the region of solar elongation, 75° < A -A® < 90°, which overlapps that observed by IRAS and DIRBE, but also near to the antisolar direction (165° < A -A® < 185°). In Paper I, the parallactic distance of dust bands was derived based on the assumption that the dust bands found at (3 = +2°a nd -4° around the anti-solar direction are extensions of the inner dust bands seen at A -A® ~ 90°. In this paper, the validity of this assumption is carefully examined through model calculations based on the empirical migrating band model proposed by Reach et al. (1997) .
Direct Comparison of the Visible and IR Dust Bands
The visible-wavelength data were obtained at Hale Pohaku on Mauna Kea between 1997 October 29 and November 2. After sophisticated reduction procedures (see Paper I for the detail), we confirmed the visible zodiacal dust bands at (3 = 0°, 3°, and ±10° in 75° < A -A® < 90°. Moreover, visible dust bands were discovered at p = +2°, -4°, and -9° in 165° < A -A® < 185°.
Astronomical Society of Japan • Provided by the NASA Astrophysics Data System = 89°, where the IRAS made a scan over the sky from a nearly polar orbit above the terminator of the Earth. Calibrated data of infrared dust bands with a resolution of 2' are available for the Zodiacal Observation History File (ZOHF) (Beichman et al. 1988) . To compare the visible and infrared dust bands observed at the same Earth's location (November 2), we used SOP 562 in ZOHF. Applying the same Fourier-filter method to the visible and infrared data along the ecliptic latitude to enhance the dust-band structure, we obtained latitude profiles of the visible and infrared dust bands at A -A® = 89° (see figure 1). Although Themis/Koronis bands near (3 = 0° can be resolved more clearly into a pair at the infrared wavelengths, its separation in the visible becomes weak. This may be caused by differences in the spatial distribution of the band particles observed in the visible and infrared wavelenghs due to a size dependence of the dynamical evolution of dust ejected from the parent asteroids. In addition, the (3 = ±5° bands are present in the visible data, in contrast to little evidence in the infrared data, except for the small bump at (3 = 5° for the IRAS data of a wavelength of A = 60 /im. It should be noted that two observations were made on the same date, November 2, though the time interval was 15 years. Figure 2 shows the energy distribution of the (3 = +10°d ust band (Eos dust band) at A -A® = 90°. The value at A = 0.44 /un comes from our observation (Paper I). Our visible observation does not conflict with the infrared results of Spiesman et al. (1995) . Consequently, the visible albedo of Eos dust-band particles is ~ 0.2, as derived by Spiesman et al. (1995) at near-infrared wavelengths. We found, therefore, that the color of the Eos dust band (Spiesman et al. 1995) . The filled triangle represents our visible data given in Ishiguro et al. (1999) . The two solid curves indicate the sum of 5770 K and 185 K black-body curves, and the dotted curves show all components.
is neutral, or slightly redder, at the visible and nearinfrared wavelengths. It is interesting to note that the color of the asteroids in the Eos family is neutral, or slightly redder, in the visible region (Doressoundiram et al. 1997) . It may support that the dust particles in the (3 = +10° dust band come from the Eos family.
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Model Calculation of the Dust Bands around the Anti-Solar Point
Due to the restricted configuration of infrared satellites' orbit, no infrared data are available around the anti-solar point. We thus compare our visible observations with a model calculation in this section. Referring to the model for the spatial distribution of interplanetary dust bands, which was derived from infrared data taken around A -A® = 90°, we can theoretically predict the brightness profile of visible dust bands around the antisolar point. The integrated brightness of the scattered light along the line of sight /(/?) is represented by
where I denotes the geocentric distance of the dust particle, Fo means the solar flux at a heliocentric distance of r = 1 AU, and z is the height from the symmetric plane of the dust distribution (see Sykes 1990 ). We employ a linear combination of three Henyey-Greenstein functions as the mean volume scattering phase function ^(9) (Hong 1985) . The number density n(r,z) of the dust particles in the dust bands is given by equation (3) in Reach et al. (1997) , i.e., 1 + I/iV k i (2) where ( = z/r, and the parameters used to adjust the shape of the dust bands are 5^ (a position of latitude peak), Ro (a heliocentric distance of peak position), Vi (a central density), and pi (a sharpness of latitude peak).
It should be noted that we used the values of the above parameters given in Reach at al. (1997) , which were derived to fit the model calculation to the band structures detected by IRAS. In addition, it has been implicitly assumed that the dust grains existing in the inner dust bands came from catastrophic events related to the origin of the Themis and Koronis families. We applied a filtering procedure after adding a smooth background profile to the band structure (Grogan et al. 1997; Dermott et al. 1994) . Figure 3 shows the intensity distribution of dust bands filtered at A -A® = 173°. The model calculation (dotted curve) shows a fairly good fit to the observed position and relative intensities of the Themis/Koronis bands (solid curve) at /? = +2° and -4°. It is therefore concluded that the two dust bands, observed around the anti-solar point, are an extension of the Themis/Koronis dust bands found by IRAS. Furthermore, their apparent separation is widened with increasing the solar elongation by a simple geometric effect. For this reason, Eos bands are out of the range covered by our observations at the antisolar point. It should be noted that the question of why the discrepancy between the intensities of the model calculation and the observation at j3 = -10° appears in figure 3 is not directly addressed by our model, because its application is limited to an analysis of only the inner dust bands.
Conclusions
We calculated the visible intensity distribution of the dust bands near to the anti-solar direction using the migrating band model. Although the model was originally developed to fit the infrared observations at around A -A® = 90°, it is found that the resulting peak positions Astronomical Society of Japan • Provided by the NASA Astrophysics Data System and relative intensities of dust bands at (3 = +2° and -4°n ear the anti-solar point show good agreements with the visible observed evidence. Therefore, we can conclude that our previous assumption in Paper I has been confirmed, i.e., the visible dust bands found at (3 = +2°a nd -4° near to the anti-solar point are the part of the dust bands discovered by IRAS at A -A® = 90° as the Themis/Koronis dust bands.
In principle, the size of the dust particles responsible for the scattered light is different from that which dominates the thermal infrared radiation. Actually, we reported on a disagreement between the parallactic distance of visible dust bands and infrared dust bands in Paper I. This conclusion was derived from an assumption that the parallactic distance depends on a simpler ring-pair model. On the other hand, the migrating model used here gives a more realistic description of the spatial distribution of the dust. The resulting fairly good agreement between the visible and infrared profiles in A -A® ~ 90° suggests that the spatial distribution of the dust bands is not so sensitive to the size of the dust particles. This result validates the attempt to derive the albedo of dust particles existing in the bands from the data detected at near-infrared and middle-infrared wavelengths (Spiesman et al. 1995) .
A remaining problem in the comparative studies of infrared and visible dust bands is the appearance of visible dust bands at (3 = ±5° in A -A® ~ 90°, in contrast to no hump in the infrared data. Furthermore, the origin of the (3 = -10° dust band found in the visible region near to the anti-solar point is still unknown. One possibility is that P = ±5° bands may correspond to the parentunknown dust bands observed at (3 = ±6° by DIRBE (Reach et al. 1997) , and the f3 = -10° band seen in the visible region in A -A® ~ 180° may be their extension. Unfortunately, the spatial coverage of our data was not sufficient to confirm this hypothesis directly. In addition, no model parameters are available from the infrared observations, due to the faintness of the j3 = ±6°b ands in the infrared. Alternatively, they might be partial or temporary dust bands (Type II) reported in Sykes and Walker (1992) . If so, we may observe their motion along the orbit from the continuous observations. Further ground-based observations in the visible will unveil the nature of such mysterious dust bands in the near future.
